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REPORT OF A MARINE MAMMAL SURVEY OF THE CALIFORNIA COASTAL WATERS
ABOARD THE RESEARCH VESSEL McARTHUR
JULY 28 -~ NOVEMBER 5, 1991

P. Scott Hill
and
Jay Barlow

INTRODUCTION

This paper presents the preliminary results of a three month ship survey
of cetaceans in waters off the coast of California. The study was motivated
by the need to estimate the size of those populations that are being impacted
by gillnet fisheries in this region.

In California, gillnets are used in two quite separate fisheries. 1In
the shark and swordfish fishery, drift gillnets are used in offshore waters
from the Mexican border to the Oregon border, typically between 20 and 200
nautical miles from the coast. In the set gillnet fishery, bottom gillnets
and trammel nets are used to catch halibut and angel sharks from the Mexican
border to approx1mately Bodega Bay, California. Set gillnets are typically
fished only in shallow water (less than 50 - fathoms deep). Both types of
gillnets take marine mammal species. o :

The mortallty of marine mammals in gillnets came to public attention in
the early 1980s. At this time and during the late 1970s, the use of
monofilament gillnets increased dramatically with the development of set-
netting for halibut and drift-netting for sharks. Swordfish were initially
caught incidentally to shark fishing, but soon became a major source of
income in the drift-net fishery. Similarly, halibut fishermen found that
they could catch angel sharks in the vicinity of the Channel Islands in
southern California. Along with these developing fisheries came evidence of
marine mammal entanglement. Evidence came in the form of increasing numbers
of harbor porpoise washing ashore in the San Francisco area and increasing
numbers of sea lions seen with net fragments around their necks at rookeries
and haulout areas throughout the state.

Respondlng to ‘this ev1dence, the California Department of Fish and Game
(CDFG), under a cooperative agreement with the National Marine Fisheries
Service (NMFS), began monitoring gillnets by putting observers on gillnet
vessels. This on-vessel program depended on voluntary cooperation of the
skippers, but CDFG also observed vessels, either from shore with telescopes
or from an auxiliary vessel. Beginning with the 1983/84 fishing season, CDFG
made yearly estimates of marine mammal mortality in gillnets (until their
program ended in 1987). Results from that program indicated that annual
fishery by-catch included 2000-4000 California sea lions, 1000-2000 harbor
seals, and 200-300 harbor porpoise (Barlow et al. in press). Other marine
mammals were also observed to be taken, but in numbers that were too small
for accurate mortality rates to calculated. -Other species seen in gillnets
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or stranding with gillnet marks included common dolphins, minke whales,
northern right whale dolphins, short-finned pilot whales, Pacific white-sided
dolphins, bottlenose dolphins, Risso's dolphins, killer whales, Hubb's beaked
whales, Cuvier's beaked whales, and gray whales.

Beginning in 1990, NMFS began a mandatory observer program on both drift
and set gillnet vessels. Preliminary mortality estimates were made for the
last half of 1990 based on these data (Lennert et al. 1991). Estimated
mortality for this half-year period was 44 harbor porpoise, 33 sea otters,
234 elephant seals, 415 harbor seals, 937 California sea lions, 203 common
dolphins, 68 Pacific white-sided dolphins, 23 short-finned pilot whales, 23
beaked whales, and 23 Dalls porpoise.

The impact of this fishery mortality is easier to measure for pinnipeds
than it is for cetaceans. Pinnipeds are counted each year when they haul-out
for molting or pupping. The three major species (California sea 1lions,
harbor seals, and elephant seals) are all increasing in abundance despite the
fishery mortality (they had all been previously depleted by humans, elephant
seals to near extinction). We also know that gray whale populations are
growing. Studies of population trends have begun for harbor porpoise using
aerial surveys, but insufficient data have been gathered to date to show a
definitive trend. For the other species, abundance estimates (if available)
are woefully inadequate to estimate trends in abundance and are out of date.

The California coastal marine mammal survey was designed to obtain solid
estimates of abundance for the majority of cetacean species which would
enable us to judge the significance of incidental fishing mortality. In this
report, we describe the design used during the 1991 survey and we present
summaries of the distance searched and marine mammals encountered from aboard
the NOAA Ship McArthur (Cruise AR-91-02; SWFSC Observer Cruise 1426).

SURVEY OBJECTIVES

The primary objectives of the cruise were to estimate the abundance and
understand the distribution of dolphin and whale species which are commonly
in California waters and which are killed in U.S. commercial gillnetting
operations. The specific objectives were to: )

1. collect data for estimating the density, size, and species
composition of dolphin and whale aggregations in order to make mean
and minimum estimates of their population sizes;:

2. collect physical, biological, and oceanographic data regarding the
habitat of marine mammals in order to better understand why they
are distributed as they are;

3. take individual identification photographs of blue, humpback,
right, and sperm whales in order to estimate their population sizes
using mark-recapture methods;

4. take biopsy samples from whales and dolphins for future genetic
analyses of population structure.



A briefing document for the subsequent Cruise Leaders was compiled by
the Chief Scientist during the first leg of the crulse. This document has
been included as Appendix A of this report. :

MATERIALS AND METHODS
Study Area and Itinerary

The survey called for the McArthur to complete a grid of predetermined
tracklines to uniformly cover the California coastal waters out to a distance
of approximately 300 nmi (555km) (Figure 1). The grid was chosen arbitrarily
without con51der1ng known concentrations of cetaceans. A secondary strata
was included in the survey design and consisted of circumnavigating each of
the Channel Islands at a distance of one nautical mile (1.85 km) from shore.
This region was expected a priori to have a higher density of cetaceans. The
cruise was conducted from July 28 through November 5, 1991, and included port
calls in Eureka, San Diego, and San Francisco. The 1t1nerary of the vessel
included four segments or effort legs: :

Leg 1.
Departed San Diego July 28
Arrived Eureka August 20
Leg 2.
Departed Eureka August 24
Arrived San Diego - September 15
Leg 3. :
Departed San Diego September 18
Arrived San Francisco October 7
Leg 4.
Departed San Francisco October 13
Arrived San Francisco

November 5



Scientific Personnel

Cruise Leaders Legs
Jay Barlow, SWFSC 1
Scott Hill, SWFSC 2
Mark Lowry, SWFSC 3
Paul Wade, SWFSC 4

Identification Specialists

Scott Benson, SWFSC 1-4
Jim Cotton, SWFSC 1-4

Marine Mammal Observers
Wes Armstrong, SWFSC
Darlene Everhart, SWFSC
Mary Lycan, SWFSC

Robyn Mellon, SWFSC

Independent Observers

Barb Taylor, NRC
Eric Archer, SIO
Karin Forney, SWFSC
Susan Kruse, SWFSC

oW

Additional Scientific Persdnnel

David Demer, Acoustic Technician, SIO 1
Valerie Philbrick, Oceanographer, SWFSC 3

Abbreviations: SWFSC - Southwest Fisheries Science Center
NRC - National Research Council
SIO - Scripps Institution of Oceanography

Oceanographic data were collected by the McArthur survey department
personnel.

Marine Mammal Species Surveyed

During the survey, the observers recorded information on all species of
whales and dolphins sighted throughout the cruise. All sightings of
pinnipeds encountered more than ten nautical miles (18.5 km) from the nearest
point of land were also recorded.

Equipment

The McArthur, commissioned in 1966, is 53.3 m in length, has a beam of
11.6 m, and has a 3.7 m draft. During the surveys, the vessel maintained a
cruising speed of approximately 18.5 km/hr (10 knots).
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Several pieces of equipment were used to gather data. The geographic
position of the vessel was recorded periodically and at the time of a marine
mammal sighting using the vessel's Global Positioning System (GPS). Marine
mammals were detected with port and starboard pedestal-mounted 25x150
Fujinon' binoculars and hand-held 7x50 binoculars. The larger binoculars
were mounted on the upper deck approximately 10.7 m above the sea surface.
Sea surface temperature and salinity, and temperature versus depth profiles
were obtained using a thermosalinograph and expendable bathythermographs
(XBTs), respectively. Salinity and temperature profiles were obtained using
a conductivity-temperature-depth (CTD) probe. Water samples collected during
these casts were analyzed for chlorophyll, salinity, and primary productivity
(using a C-14 uptake method).

The bearing and radial distance from the vessel to each sighted marine
nammal group was recorded. The bearing from the vessel to the group was
recorded by the observers using a 360° graduated ring attached to the base of
the 25X binoculars. Distance was determined by utilizing graduated reticles
enclosed in the right eyepiece of the 25X binoculars.

A 35 mm F-1 Canon' camera with motor drive was used to photograph animals
to aid in stock and species identification. The system included 400mm, 70-
210mm zoom, 50mm, and 28mm lenses. The photographic identification study of
large whales was conducted using a Nikon! F-3 camera equipped with a 80-210mm
zoom lens and a Canon' 630 camera equipped with a 100-300mm autofocus zoom
lens. Animals were also recorded on 1.27 cm video tape using a Panasonic!
VHS camcorder with a telephoto lens.

Duty Stations

The marine mammal observers occupied three duty stations during the
survey, with the observers rotating through each station.

1. Left Binocular - The port-side observer used a 25X binocular, mounted on
the port side of the vessel, to scan the ocean for marine mammal sighting
cues. The major area of responsibility for this observer was from the
midpoint of the trackline to abeam the port side of the vessel and outward to
the horizon or to the extent possible with prevailing environmental
conditions.

2. Right Binocular ~ The starboard observer used a 25X binocular, mounted on
the starboard side of the vessel, to search from the midpoint of the
trackline to abeam the starboard side of the vessel, and outward to the
horizon or to the extent possible with prevailing environmental conditions.
Observers in the left and right positions frequently searched up to 10° on the
opposite side of the trackline.

lReference to trade name does not imply endorsement by the
NMFS.



3. Recorder -~ The recorder's duties were to enter data on search
effort, environmental conditions and sightings using the on-
line data acquisition computer system, and to search the
trackline adjacent to the vessel by naked eye and with hand
held binoculars for groups not detected by the observers on
the 25X glasses.

In addition to the regular watch teams, a fourth independent observer,
maintained watch in order to detect groups or individual animals missed by
the regular observer teams. The independent observer was stationed near the
centerline of the vessel on the flying bridge and maintained watch with the
naked eye and 7x50 binoculars.

Observer Teams and Rotation

Two teams of three observers each alternately occupied the three duty
stations. Each team was on duty for a two-hour shift. During each shift,
observers spent approximately equal time occupying each duty station.

Two of the six observers, one on each team, were experts in identifying
marine mammals. A rotating watch schedule was developed so the teanm
composition did not remain constant during the entire survey. However, one
identification expert was always on watch. Team members rotated between the
duty stations and teams rotated on and off duty without interrupting
searching effort. Teams alternated standing the first watch of the day.

The independent observer stood watch for no more than two consecutive
hours. The cruise leader also occupied the independent observer station as
time permitted.

Data Collection Procedures

A typical day's searching activity began at sunrise, approximately 0630
hours local time, and ended at sunset. The searching procedure was initiated
when observers were occupying the duty stations and a recorder was in place
to record information with the on-line data acquisition computer systen.
After securing marine mammal sighting effort for the night, the vessel would
slow to a minimal speed and stay in the area. An oceanographic station was
conducted each morning where the sighting effort was terminated on the
previous night. In this manner, the searching effort typically began in the
same geographic position as effort was terminated on the previous day.

When a sighting cue (marine mammals, birds, splashes, etc.) was
detected, it was determined whether marine mammals were present and if the

sighting was appropriate to approach. Generally, all cetacean groups
(dolphins and whales) encountered within 5.6 km (3.0 nmi) lateral to the
vessel were approached. For these groups, the searching effort was

terminated, and the vessel was directed to intersect the group in order for
the observers to obtain estimates of group size and species composition. The
searching mode was resumed after the vessel returned to its original course
and speed, and the observers resumed searching for other sighting cues.



During each marine mammal sighting, the recorder transcribed all the
necessary data on the automated data entry system (refer to Appendix B for
details concerning this system). Criteria for assigning sun position and sea
state conditions are given in Figure 2 and Table 1, respectively. Observers
recorded bearing and range to the mammals using the 360° calibrated ring and
reticles etched into the right eyepieces of the 25 power binoculars. The
reticle measurements were converted to nmi using

a = 0.003942 tan (arctan (1420.28) - 0.001088 r),

where a equals radial distance in nmi and r denotes the number of reticles
below the topmost reticle. Values in this equation were calculated by Barlow
using an equation presented by Smith (1982) and data collected during
previous research vessel cruises. '

Each observer who had a good view of the group independently recorded in
his or her logbook the high, low, and best estimates of group size and a
determination of species composition. At no time were the observers allowed
to discuss their estimates of group size and species composition. This
procedure assured independence and consistency of each observer's data. Each
night the Cruise Leader collected the individual logbooks and transcribed
observer estimates of group size and species composition to complete the
daily sighting and effort file compiled by the automated data entry system.

All available observers were, however, allowed to discuss species
identification and animal behavior, and a consensus was entered on the
Research Vessel Sighting Continuation Form (Figure 3) shortly after the time
of a sighting. Species identifications were validated when possible by
photographing the group at close range using 35 mm and video cameras.

Data Analyses

Sea state conditions were grouped into "calm" conditions, without
whitecaps (Beaufort numbers 0-2), or "rough" conditions, with whitecaps
(Beaufort numbers 3-5). The presence of whitecaps was important in searching
for sighting cues. Animal splashes could not effectively be used as a
sighting cue during rough seas because whitecaps were easily confused with
the animal splashes.

Visibility conditions were classified into "good" and “poor" categories.
Poor visibility conditions were recorded when horizontal sun position was 12
and vertical position was 1, 2, or 3, or when there were clouds together with
fog or rain (Holt 1987) or haze. All other conditions were considered good
conditions. :

The study area was divided into two strata, with the sum of the two
strata comprising the total study area. Encounter rate data are presented
separately for each stratum and pooled over strata.

The rate of encountering marine mammal groups was determined as the
simple ratio of sightings detected per 1000 km searched. Encounter rates were
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calculated for all marine mammals detected during Beaufort states 0 through
5. Rates were calculated for all groups detected in the study area and for
calm and rough sea conditions, good and poor sun conditions, and individual
observers.

Distributions of perpendicular sighting distance for each species wvere
calculated using even intervals of 0.2 nmi out to a total distance of 3.0 nmi
from the trackline.

RESULTS

The tracklines surveyed during the entire cruise are depicted in Figure
4. Figures 5 through 11 display those tracklines covered during each leg of
the cruise and during the various Beaufort states.

Perpendicular distance groups for on-effort sightings made by the
primary observer teams (excluding sightings made by the independent
observers) are presented in Table 2.

Information summarized for each marine mammal sighting encountered
during the survey is presented in Table 3. Included in this table are off-
effort sightings and sightings made by the independent observer. The
geographic positions of all groups detected during the survey are presented
for each species category (code) in Figures 12 through 46.

Searching effort was conducted during Beaufort 0 through 5 conditions.
Effort was terminated once the seas and wind attained a force of Beaufort 6
or when the team leader and the cruise leader determined that conditions were
unworkable. ‘

During the entire survey, observers searched 10.353 km and made 822 on-
effort marine mammal sightings (plus 7 sightings of unidentified objects,
possibly marine mammals). An additional 119 sightings were made off-effort.
Dolphins or porpoises were detected in 401 on-effort schools and whales were
detected in 185 on-effort pods (of these, 17 groups contained both dolphins
and whales). Pinnipeds were detected in 251 groups; in which, they were
associated with whales and dolphins on 2 and 9 occasions, respectively.
During the survey 7 species of delphiniids, 2 species of porpoise, 5 species
of other odontocete whales, and 6 species of baleen whales were identified
(Table 4). The overall rate of detecting groups in the study area was 74.96
groups/1000 km searched (Table 5).

Sea conditions in the study area were extremely rough. Over 311
hours of searching effort were lost to poor weather, including high winds and
seas, rain, and fog. The amount of time lost during each leg varied from
22.0 to 127.5 hours (Table 6). Only 23% of the searching effort was
completed in calm seas (Table 5). However, 52% of all groups were detected
during calm seas and the rate of detecting groups during calm seas was
approximately 3.6 times the detection rate during rough seas.

Poor visibility conditions occurred during 42% of the surveying effort,
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during which time 59% of the groups were detected (Table 5). It seems that
visibility conditions had little effect on sighting marine mammal groups as
the rate of detecting groups during poor conditions was actually higher than
the rate of detection during good conditions.

The percentage of groups detected by each of the primary mammal observer
ranged from 12 to 24% (Table 5). The rates of detecting marine mammal groups
also varied considerably among observers (range of 26.0 to 52.8 groups/1000
km) .

SUMMARY

In this report, we have presented data on marine mammal encounter rates,
group size, and species composition which meet the primary objectives of the
California marine mammal cruise aboard the McArthur. Data on all marine
mammal sightings have been summarized. We found that the rate of
encountering marine mammal groups was higher during calm seas than during
rough seas, and the rate during good visibility conditions was lower than the
encounter rate during poor visibility conditions. Encounter rates among
observers were variable.
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Table 1. Sea state conditions measured by the
Beaufort scale (from Bowditch, 1966).

_ Probable

Wind - wave
force ' height
(Beaufort) Knots Descriptive Sea Conditions in feet

0 0- 1 Calm Sea smooth and -

' mirror-like
1 1- 3 Light air Scale-like ripple 1/4
without foam crests
2 4- 6 Light breeze Small short wavelets; 1/2

crests have a glassy
appearance and do not
break

3 7-10 Gentle breeze Large wavelets; some 2
crests begin to break;
foam of glassy appear-
ance. Occasional white
foam crests

4 11-16 Moderate Small waves, becoming 4
breeze longer; fairly frequent
white foam crests

5 17-21 Fresh breeze Moderate waves, taking 6
a more pronounced long
form; many white foam
crests; there may be
some spray

6 22-27 Strong breeze Large waves begin to 10
form; white foam crests
are more extensive
everywhere; there may
be some spray
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Table 4. Summary of marine mammal sightings encountered during the
1991 CAMMS cruise. Included are on-effort sightings made by the
primary observations teanm (excluding independent observer
sightings). Group sizes are based on simple averages of the
product of estimated group size multiplied by the proportion of the
given species in the group for each observer.

‘ Average

Species Name Species # of Sightings No. per
(Scientific name) Code Total Pure Mixed Group

' Common dolphins (unid.) 05 10 8 2 75.8

(Delphinus delphis)

Common dolphins (longbeak) 16 13 9 4 183.8
(Delphinus delphis bairdii)

“ common dolphins (shortbeak) 17 129 100 29 97.9

(Delphinus delphis delphis)

Striped dolphins 13 24 5 19 43.3
(Stenella coeruleocalba) '

Bottlenose dolphins 18 18 0 18 7.7
(Tursiops truncatus) ‘

Risso's dolphins 21 30 14 16 15.7
(Grampus dgriseus)

‘| Pacific white-sided dolphins 22 12 7 5 24.6

(Lagenorhynchus obliquidens)

2% Northern right whale dolphin 27 16 10 6 15.7

(Lissodelphis borealis)

"Killer whales 37 5 5 0 4.4

(Orcinus orca)

Harbor porpoise 40 32 31 0 4.4
(Phocoena phocoena)

Dall's porpoise 44 96 96 0] 3.7
(Phocoenoides dalli) _

Spernm whales 46 13 10 3 4.6
(Physeter macrocephalus)

Pygmy sperm whales 47 3 3 0 1.3
(Kogia breviceps)
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Table 4.

(continued).

. Average
Species Name Species # of Sightings No. per
(Scientific name) Code Total Pure Mixed - Group

Unidentified ziphiid 49 7 7 0 2.4

Unidentified mesoplodont 51 5 5 0 1.6
(Mesoplodon spp.)

Cuvier's beaked whales 61 14 14 0 1.9
(Ziphius cavirostris)

Baird's beaked whales 63 1 1 0 4.0
(Berardius bairdii)

Gray whales 69 0 0 0 -
(Eschrichtius robustus)

Unidentified baleen whale 70 6 6 0 1.3
(Balaenoptera spp.)

Minke whales 71 5 4 1 1.0
(Balaenoptera acutorostrata

Bryde's whales 72 1 1 0 2.0
(Balaenoptera edeni)

Fin whales 74 22 18 4 1.8
(Balaenoptera physalus)

Blue whales 75 50 39 11 2.0
(Balaenoptera musculus)

Humpback whales 76 11 11 0 3.0
(Megaptera novaeangliae)

Unidentified dolphins 77 21 21 0 4.7

Unidéntified-small whales 78 12 12 0 1.1

Unidentified large whales 79 15 15 o 1.3

Unidentified cetaceans 96 8 8 0 1.4

Unidentified whales 98 1 1 0 1.0

Unid. sei or Bryde's whales 99 2 2 0 1.0

(Balaenoptera edeni or borealis)
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Table 4. (continued).

Average

Species Name Species # of Sightings No. per
(Scientific name) Code Total Pure Mixed Group

California sea lion zZC 72 62 10 1.6
(Zalophus californianus)

Harbor seal PV 0 0 0 -
(Phoca vitulina)

Northern elephant seal MA 59 59 0] 1.0
(Mirounga angustirostris)

Guadalupe fur seal AT 0 0 0 -
(Arctocephalus townsendii)

Northern fur seal cU 49 49 0 1.1
(Callorhinus ursinus)

Unidentified otariid Uo 25 25 0 1.0

Northern sea lions | EJ 1 1 0 1.0
‘(Eumetopias jubatus)

Unidentified pinniped PU 33 33 0 1.1
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Table 5. Summary of distance searched, marine mammal groups
detected, and encounter rates by observers during the CAMMS cruise.
All categories include only on-effort sightings and all, except the
last (independent observers), include only sightings made by the
primary observation team. :

Distance  Percent Number Percent Detection
Searched Distance Groups Groups Rate per
(km) Searched Detected Detected 1000 km

All Data 10353 100 . 776 100 74.96

Island Strata 281 3 26 3 92.46

Non-Island 10071 97 750 97 74.47

Sea State Conditions
Calm 2401 23 404 52 168.24
Rough 7957 77 372 48 46.75
Visibility Conditions

Good 5966 58 321 41 53.80

Poor 4396 42 455 59 103.51
Regular
Observers

7 3465 17 113 15 32.61

55 3332 16 145 19 43.51

76 3504 17 185 24 52.80

77 3556 17 119 15 33.47

87 3539 17 92 12 25.99

88 3324 .16 121 16 36.40
Independent
Observers

15 888 9 3 6 3.38

19 1178 11 1 2 0.85

34 2444 24 21 40 8.59

45 744 7 1 2 1.35

72 1310 13 S 17 6.87

83 897 9 1 2 1.11

85 ' 1053 10 6 11 5.70

86 1030 10 8 15 7.77

89 490 5 3 6 6.12

99 302 3 0 0 0.00
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Table 6. Effect of Weather on Searching Effort.

| Ieg 1 ILeqg 2 Leg 3 leg 4
!

. Days in Leg 24 23 20 24

| Hours Lost to Weather 55.8 106.5 22.0 127.5
. Trackline Searched (km) 3707.9 2366.9 2560.6 1621.2
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Figure 1. Proposed tracklines for the 1991 CAMMS cruise.
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Figure 2. Vertical and horizontal sun position categories.
| 12
1 1

VERTICAL SUN POSITION

12

10

S
6

HORIZONTAL SUN POSITION

44



Figure 3. Research Ship Sighting Continuation Form

SKETCH FEATURES OF ANIMALS SIGHTED

CRUISE DATE SIGHT [SERIES| LEG | 08S. [
# YEAR |MONTH| DAY # = £ CODE
Pt 1 | ! 1 | i 1
1 5 7 9 kR 13 15 17
[ SIGHTING SUMMARY |

LIST ALL DIAGNQSTIC FEATURES OBSERVED
{(INCLUDING ESTIMATED BODY LENGTH)

BEHAVIOR — (DESCRIBE AGGREGATION, MOVEMENT, BOW AND STERN RIDING, BLOWS, ETC.:

MOVEMENT OF SCHOOL : SPEED (KTs) L1 1 |

ASSOCIATED ANIMALS - (INCLUDE NUMBER AND SPECIES OF BIRDS!

TOTAL ENVIR. COND.
TIME OF {RAIN, OVERCAST,
OBSERVATION FOG, CHOPPY)
AMT. OF TIME TAGS

AT CLOSEST ASSOCIATED
DISTANGE WITH SIGHTING

DIRECTION (RELATIVE TO BOW) L1 1 |

PHOTOS: ROLL #

FRAME(S): #

CLOSEST
DISTANCE OF
OBSERVATION

METHOD OF
OBSERVATION
(EYE, 7x, 10x, 2bx)

NOAA Form 88-208
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Figure 4. Tracklines surveyed during the 1991 CAMMS cruise.
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Figure 5. Tracklines surveyed during leg 1 of the 1991 CAMMS

cruise.
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Figure 6. Tracklines surveyed during leg 2 of the 1991 CAMMS

cruise.
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Figure 7. Tracklines surveyed during leg 3 of the 1991 CAMMS
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Figure 8. Tracklines surveyed during leg 4 of the 1991 CAMMS
cruise.
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Figure 9. Tracklines surveyed in Beaufort sea states 0 through 2
during the 1991 CAMMS cruise.
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Figure 10.
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Figure 11.

Tracklines surveyed in Beaufort sea states 4 and 5
during the 1991 CAMMS cruise.
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Figure 12. Marine mammal schools encountered during the 1991 CAMMS
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Figure 13. Common dolphin (unknown stock) sightings during the
1991 CAMMS cruise.
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Figure 14.
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Figure 15. Longbeaked common dolphin sightings during the 1991
CAMMS cruise.
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Figure 16. Shortbeaked common dolphin sightings during the 1991
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CAMMS cruise.
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Figure 17. Bottlenose dolphin sightings during the 1991 CAMMS
cruise.
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Figure 18.

42

Risso's dolphin sightings during the 1991 CAMMS cruise.
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Figure 19. Pacific white-sided dolphin sightings during the 1991
CAMMS cruise.

(22) L. obliguidens n=18
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Figure 20. Northern right whale dolphin sightings during the 1991
CAMMS cruise.
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Figure 21. Killer whale sightings during the 1991 CAMMS cruise.
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Figure 22. Harbor porpoise sightings during the 1991 CAMMS cruise.
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Figure 23. Dall's porpoise sightings during the 1991 CAMMS cruise.

(44) P. dalli, n=128

4 2 L]E"m[ = 1l
414

. e

{0

40 - ! o=
E[‘mtggn W o

39 -
- U o
38 - “h

1 O

37 - 0
36 4 g =
35 = L

-

34 - oo

7 o

33 | | -
32
3.
30 4
29
28

131 130 129 128 127 126 125 124 123 122 121 120 119 118 117
LONGITUDE

65



LATITUDE

Figure 24. Sperm whale sightings during the 1991 CAMMS cruise.
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Figure 25. Pygmy sperm whale sightings during the 1991 CAMMS
cruise.
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Figure 26. Unidentified beaked whale sightings during the 1991
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Figure 27. Unidentified Mesoplodon sightings during the 1991 CAMMS

cruise.
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Figure 28. Cuvier's beaked whale sightings during the 1991 CAMMS
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Figure 29.
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Figure 30. Gray whale sightings during the 1991 CAMMS cruise.
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Figure 31. Unidentified Rorqual sightings during the 1991 CAMMS
cruise.
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- Figure 32. Minke whale sightings during the 1991 CAMMS cruise.
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Figure 33. Bryde's whale sightings during the 1991 CAMMS cruise.
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Figure 34. Fin whale sightings during the 1991 CAMMS cruise.
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Figure 35.
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(75) B. musculus, n=63
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Figure 36. Humpback whale sightings during the 1991 CAMMS cruise.
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Figure 37. Unidentified dolphin/porpoise s:.ghtlngs during the 1991
CAMMS cruise.
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Figure 38.

42

Unidentified small whale sightings during the 1991
CAMMS cruise.
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Figure 39. Unidentified large whale sightings during the 1991
CAMMS cruise.
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Figure 40. Unidentified cetacean sightings during the 1991 CAMMS
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Figure 41. Unidentified object sightings during the 1991 CAMMS
cruise.
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Figure 42.
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Figure 43. Unidentified sei or Bryde's whale sightings during the
1991 CAMMS cruise.

(99) B. edeni/boredlis n=3
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Figure 44. cCalifornia sea lion sightings during the 1991 CAMMS
cruise.
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Figure 45. Northern elephant seal sightings during the 1991 CAMMS
cruise.
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Figure 46. Northern fur seal sightings during the 1991 CAMMS
cruise.

Cdllorhinus ursinus n=57

42 ==

41
40
39
38 i | . :\
37 ]
36 -
35 4 O gy

34 A N

LATITUDE

33 | s
32 - |
31-: 0 n 2
30 -
29 |
28

131 130 129 128 127 126 125 124 123 122 121 120 119 18 17
LONGITUDE

88



APPENDIX A

CRUISE LEADER INSTRUCTIONS FOR THE 1991 CAMMS CRUISE

As cruise leader, your primary responsibilities are to maintain the
integrity of the scientific data collected on your leg and to act as

supervisor and coordinator of all scientific research on the vessel. The
intent of this document is to give you guidelines for the performance of
these duties. If activities are required outside these guidelines, you

should make every effort to contact the chief scientist as soon as possible.

The primary mission of this cruise is to estimate the population size of
all cetacean species in cCalifornia coastal waters (out to approximately
300nmi offshore). Methods include 1) line-transect surveys of a uniform grid
pattern (see attached figures), 2) a line-transect survey of a separate
strata which consists of the region within 2nmi of each of the Channel
Islands, 3) mark-recapture estimation of abundance for those whale species
for which photographic catalogs are already well developed, and 4) studies of
genetic population structure through collection of biopsy tissue samples from
those species which are included in our permit. Sufficient time has been
allocated to accomplish each of the primary missions. If, due to
extraordinarily bad weather, some activities have to be curtailed, the
priorities are in the order given above. Each of these facets of the primary
mission are covered below in more detail.

A secondary mission is the collection of oceanographic data to help
understand the patterns of cetacean distribution. These samples include
continuous measurement of sea surface salinity, temperature, and chlorophyll;
twice daily expendable bathythermograph XBT probes; and a daily hydrographic
station each morning with CTD and water samples for primary productivity.
All oceanographic data collection will be run by the ship's survey technical
department (with help of Valerie Philbrick on leg 3). As cruise leader, you
do not directly supervise the oceanography, but you should be aware of what
is going on. Check with chief survey tech Julie every couple of days to see
if everything is going smoothly. Another secondary mission is the collection
of at-sea pinniped sightings to better establish where the various species
are feeding. When pinniped sightings are so freguent that they are
interfering with cetacean search, the recording of pinniped sightings should
curtailed or limited to short comments. A guideline that worked on the first
leg is that pinnipeds are not considered sightings and are not given sighting
numbers when within 10 miles from shore or nearest island. When they are
given sighting numbers, pinniped group sizes should be recorded in green
books just as with cetaceans. A third secondary mission is the collection of
turtle sighting data:. "This is so rare as to not affect cetacean searching.
If a turtle is small enough to be brought aboard, we should try to capture it
for life-history data and measurements, and we should tag and release the
turtle. A final secondary mission is the dip-netting of surface fish at the
end of the day (usually 2100 to 2200). This is lead by Jim Cotton out of his
own personal research interest. This work should be permitted, but is not a
NMFS mission and is not covered by overtime for Jim.
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Several previously scheduled scientific mission have been cancelled,
including hydro-acoustic surveys and associated mid-water trawling, bird
observations, and manta net tows.

PRIMARY MISSIONS
1) LINE TRANSECT ON UNIFORM GRID

The established cruise tracks cover a uniform grid from the Mexican
border to the Oregon border and out 300nmi. Try to stick to these cruise
tracks as much as possible. The cruise tracks include several "dead head”
transects which are necessary to simply get from the end of one transect to
the beginning of the next. I have indicated these on the enclosed figures.
Try to cover the "dead head" line by running at night as much as possible.
When on a dead line, conduct search during daylight hours as usual, but I
want to keep these data separate from the regular uniform grid. Start a new
data file whenever you start or end a "dead-head" transect (you close an
existing data file using the control-D to escape the program CRUISE and start

a new file by restarting the program). In getting from the end of one
transect line to the beginning of the next, try to make efficient use of ship
time. If you can replicate previous tracklines, do so. If you can search

for whales to photo-ID, do so. On leg one, I conducted a survey for harbor
porpoise along the 10-20 fathom depth contour (using 5 observers and a
recorder, all searching with hand-held binoculars). Additional data of this
sort would be useful north of Point Conception (in Beaufort 0-2 only).

Oon the first leg, I found that given good weather, the time was more
than sufficient to complete the scheduled transects. At one point we were
weathered-out in one area and headed for shelter near the coast. There we
were able to complete about 40nmi of LEG 2 transects in the vicinity of
Bodega Head. Also, we were able to complete a sizeable segment of LEG 4
transects in the far northeastern corner of the grid. These added regions
are noted in the back of the Cruise Leader Logbook. If you have extra time
on your leg, try to cover areas assigned to other legs. Always try to take
advantage of good weather when it occurs. There is no need to re-do that
which was completed in good weather on a previous leg (even if that area was
scheduled originally to be completed on your legqg).

On the first leg, we missed a segment of LEG 1 transect (approximately
a 1-day run) Jjust southwest of Fort Bragg. Please try to fill in missed
segments of previous surveys as time permits. Missed segment of effort
should be listed in the back of the cruise leader log-book.

In good weather, you can expect to cover about 80 miles per day in the
Southern California Bight, 120 miles per day on the outside (more than 100nmi
from land), and an ‘intermediate distance in the northern inshore areas.
Originally I planned for 100nmi per day, but on the first leg we averaged
more than this. Because I was generous with time, the option exists of
sitting-out rough weather or fog rather than just trucking down the trackline
and leaving a big hole that has to be filled later. Consider this option if
the weather forecast is encouraging. (Note, a phone number of the marine
forecaster for the National Weather Service is listed in the front of the
Cruise Leader Logbook. You can consult that person directly if you identify
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yourself as being on a NOAA dolphin survey.)
LEG~Specific Comments

LEG 2. Leg 2 has a long segment of dead-head on the outside in the far
north. Try to cover as much of this at night as possible (even if it means
shaving 20 miles off one of the other legs). After this excursion offshore,
you will come to shore near Bodega Head. The 20nmi inshore segment of this
transect and the 20nmi offshore segment of the next transect were already
covered in suitable weather conditions. This area is, however, a hot-bed of
whale abundance and has surface swarms of krill. I do not want to bias the
survey by double-counting this area, but you might want to conduct a whale
hunt for photo-ID in this area. A good option for finding whales might be to
travel south approximately 10 miles from shore. The home stretch going into
San Diego crosses Mexican waters and is thus a dead-head run. If you have
time after completing scheduled lines, try to pick-up another transect line
and avoid wasting time transitting Mexican waters.

LEG 3. Leg 3 circumnavigates most of the Channel Islands. See the explicit
instructions below for these surveys. We were able to do San Clemente Island

on the LEG 1, so skip it. See if you can pick-up San Nicolas or Santa
Barbara Islands in its place. You should probably call the Navy long before
you try San Nicolas. Once you complete the northern Channel Islands, you

have a long "dead-head" line. If weather is good, try to complete the LEG 3
transect that was planned to go from offshore towards Los Angeles in the
reverse direction (or replicate adjacent tracklines which head in the same
general direction). Take advantage of good weather when you get it. Leave
some time for whale photo-ID in the vicinity of Half Moon Bay, on you final
run into San Francisco.

LEG 4. Leg 4 is a mop-up leg. In addition to the scheduled tracklines, try
to fill-in the holes created by bad weather during the previous ILegs. A
large section of the LEG 4 transects in the far northeast were completed
under good weather on LEG 1 and do not have to be replicated. As time
permits, complete one or two of the forays into the far offshore waters to
see what cetacean fauna is there. Confer with the chief scientist frequently
regarding cruise tracks.

2) LINE-TRANSECT SURVEYS W/IN 2 MILES OF CHANNEL ISLANDS.

During these survey, end the regular transect grid-line at approximately
the 10-fathom curve before you begin the special "island stratum". Close the
data file and open a new one so that I can keep these data separate in the
analyses. You will conduct the surveys at 1 nmi offshore and will not chase
sightings that are more than 1 nmi perpendicular to the offshore side of the
ship). This will form a strata that consists of waters within 2nmi of the
Channel Islands. As with other surveys, you can break effort to conduct
whale photo-ID, but if the AR-2 is running well and waters are calm, you may
be able to send-out a photo-ID team and continue effort. I especially would
like to get picture of the island population of Tursiops.
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3) PHOTO-IDENTIFICATION OF WHALES FOR MARK/RECAPTURE POPULATION ESTIMATION.

If whales are cooperative or if weather if rough, this work can be

conducted from the McArthur. In general, better photographs can be taken
from the launch, AR-2, because of its faster speed (to get in position) and
its greater maneuverability. The crew is very fast and efficient at

launching and retrieving AR-2. The photo-ID crew usually consists of the
team leader who is not on-duty as the primary photographer, the cruise leader
(or Sue Kruse who has extensive experience) as data recorder and back-up
photographer, and Wes Armstrong for biopsy sampling (see below). Try to
rotate in other people if possible, without packing the boat (a practical
maximum is 3 scientists and a driver). I am willing to spend up to 3-4 hours

at this with a good bunch of whales under good conditions. Read the
conditions of the permit and make sure that those conditions are not
violated. Species of primary interest are blue whales, humpback whales,

killer whales, pilot whales, bottlenose dolphins (inshore or near islands),
and right whales. Do not waste time on gray whales.

4) BIOPSY SAMPLES FOR POPULATION IDENTIFICATION

We have an ETP biopsy permit to take samples from some of the species
that are found in California coastal waters. A second permit is pending that
would include the remaining species. Do not take samples from unauthorized
species (including Dalls porpoise and northern right whale dolphins) until
the second permit is in-~hand. In general, we would like to get samples from
a wide variety of authorized species. 0f particular interest are common
dolphins and humpback whales because existing studies of DNA stock structure
are already underway for those species. Wes Armstrong is taking the lead in
this project.

INDEPENDENT OBSERVER EXPERIMENT

During the regular survey grid and the island surveys, an independent
observer will collect data on the groups of cetaceans and (when more than 10
miles from shore) pinnipeds that are missed by the primary observer team.
The independent observer searches primarily with naked eyes but should have
a binocular in their hands at all times to verify more distant objects. The
stick binoculars are good to hold because they are always raised and the
independent observer does not draw inadvertent attention by raising or
searching for binoculars. To qualify as missed, the entire group must be
past 90 degrees right or left or be at the bow. To know whether a group will
be missed, the independent observer must wait without saying anything or
cueing the other observers until the school is past. If the independent
observer is cueing the other observers, they should be sternly warned by the
cruise leader not to; do so. If this happens more than twice, you should
consider relieving them of duty. The independent observer can call to turn
the vessel if they need to verify species or school size, but only after the
group has passed abeam. I expect the independent observer to work 4 to 5
hours a day at this job, with watches of not more than 2 consecutive hours.
Watches should cover all periods of the day on a rotational basis (animals
may be especially likely to be missed near dawn or dusk). The cruise leader
should participate as independent observer whenever time permits (subject to
the same constraints as the regular independent observer). You will have to
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coordinate watch schedules with the independent observer.

93



APPENDIX B
AUTOMATED DATA ENTRY INSTRUCTIONS FOR CAMMS CRUISE

INTRODUCTION

For the first time on our marine mammal ship surveys, a computerized
data entry system will be used to record sighting and effort data. The
reasons for using a computer are primarily to increase the accuracy of data
recording and to reduce the time between collecting the data and being able
to analyze it. An added benefit 1is a reduced work load for the data
recorder. Of course, the Sighting Continuation Form (which is the most time
consuming form to fill out) cannot be replaced by computer entry since it
requires drawing pictures. The Sighting Form and the Effort Record will not
be used on this cruise.

The data entry program (called CRUISE) is a modification of one used
extensively on SWFSC aerial surveys. It was designed for very rapid data
gathering situations and has been tested under the most trying of
circumstances. It may not be bullet-proof, but it is very close.

The basic feature of the program is that it is event-driven. You press
a function key to indicate an event. Each function key has a specific
assignment (eg. F2 for a sighting, F5 to toggle effort on-or-off, etc.).
When you ©press a function key, the computer notes the time and
latitude/longitude of the ship at the moment you pressed the key. You will
not have to write down time or position (for the latter, the computer is
plugged into a GPS satellite navigation unit). The first event you enter
will be noted in the event buffer in the upper left part of the computer
screen. You can continue to press other event buttons while the computer is
waiting for you to respond with information on the first event. These
subsequent events will Jjust stack-up in the buffer and wait for your
response. There is never any rush. The time and position of the buffered
events has already been recorded.

Most errors that are made in entering data can be easily fixed. If you
make an error that cannot be fixed, or if you are unsure you fixed it
correctly, it is best to document the problem using a comment statement
(F10). If, when you are entering information, that information will not be
saved until you press the escape button (ESC). You can continue to make
changes, going from one data element to the next, until you get it perfect.
If you make a mistake and pressed the wrong event button, you can cancel it
by pressing the UNDO-button (Fl). If you entered a wrong value and already
pressed the ESC to save it, you can even go backwards and re-edit these data
using the left and right arrow keys on the keyboard. Each of the event
buttons and error-recovery functions are documented in more detail below.

As always, it is the recorder's responsibility to see that all data are

eptergd properly. That person should be constantly reviewing weather and
sighting conditions and updating them on the computer whenever conditions
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change. All conditions must be reviewed at the beginning of each recorder's
shift.

At the end of each day, it is the responsibility of the team leaders and
the cruise leader to edit the newly created data files to ensure that data
are complete and that any missing data have been inserted. Never edit the
original copy of the data file. Transfer the data file to hard disk and edit
it there. Document any problems with the data in a new comment line.

DATA EVENT FUNCTION KEYS

Information requested by the computer when you press an event button is
exactly the same information that would go on the paper forms. There is,
however, some differences in format. On paper, yes/no answers are coded as
1/2; on the computer you will answer with the letters "y" or "n". oOn paper
you do not enter the decimal point; on the computer you do. On paper you
must supply leading zeros for all data fields; on the computer you do not.
Detailed instructions on each data element follow a general summary of the
event options. The information you enter will be edited to ensure that it
falls within specified ranges. A beep will indicate an invalid entry. You
must then enter a correct value before proceding.

ESC The ESC or escape button is used to save the changes you
have made for a specific event button.

F2 Sighting This event indicates that you have seen something (a cue)
that may be a marine mammal. The computer will prompt
you for initial sighting information (the observer ID
number, the type of cue, the method of sighting, the
bearing to the cue, the distance to the cue). If you
enter reticle distance, the computer will convert this to
nautical miles. If the cue pans out to be a marine
mammal sighting, then you will also enter a sighting
number. The last assigned sighting number is shown in
the upper line on the screen. When you are certain that
the sighting is a cetacean and have already entered all
of the above data, you press ESC to record these data.
At this point, the computer will request auxiliary
sighting information (the water temperature, whether
documented photos were taken or birds were present with
the cetacean, and species codes for up to 3 species).
Species codes are available from a separate table. If
you are unsure of the species, please enter the lowest
taxonomic group that you are sure of. These species
codes may be edited later based on your continuation
sheets. [If more than 3 species are present in a school,
hit the sighting button, F2, a second time and enter the
additional species. Document what you have done using a
comment, F10.]

If a cue does not turn out to be a cetacean, you can
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F3

F4

F5

Fe

F7

F¥8

F9

Flo

Begin

Turtle

Effort

ObsvPos

ViewCondit'n

Navigation

Weather

Comment

cancel both the first and second page of input by
pressing UNDO (Fl1l) and responding yes to the subsequent

querry.

This event begins a day's effort. It sets up a series of
events in the event buffer to ensure that when you start
effort, all the pertinent information has been recorded.
In addition to using this to start effort in the morning,
it is good to use it whenever you are starting effort
after a long (>30 minute) gap in sighting effort. The
only specific information for this event is the cruise
number. Pressing this button will, however, stack-up the
buffer with events that correspond with F6, F7, F8, and
Fo.

This event indicates a turtle sighting. Information
requested includes the observer ID number, the turtle
species, the bearing and distance at first sighting, the
number of turtles, and associated objects (jellyfish,
floating debris, or red tide). [NOTE that you are also
requested to fill out the turtle life history form for
each turtle sighting.]

Both beginning and ending effort are considered separate
events. This one button acts as a toggle switch for
both. If you are on-effort, pressing F5 will end it. If
you are off-effort, pressing F5 will start it. Always
check to see that the screen properly displays "ON" or
"OFF". If you have an on-effort sighting, always press
the sighting button before logging off-effort.

This event indicates a change in observer positions. Use
this whenever you rotate positions or begin a new shift.
Pressing this button will stack-up the buffer with events
that correspond with F7, F8, and F9 so that you can
review this information and certify that it is correct.

This event indicates a change in sea state variables.
These include Beaufort code, swell height, swell
direction, and water temperature.

This event indicates a change in navigational variables.
These include course and speed.

This event indicates a change in weather conditions.
These include rain/fog/haze code, horizontal sun,
vertical sun, wind direction, and visibility code.

This event is used to record ancillary information. You
are encouraged to insert relevant comments liberally.
Whenever you make an error in data entry, it is a good
idea to document it. This is absolutely necessary if you

- are unable to go back and fix the error directly. Each
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comment is associated with a time and position, so feel
free to record any unusual sightings or observations as
comments.

NON-EVENT FUNCTION KEYS

There are several function keys which do not indicate an event. Some of
these are activated by pressing the SHIFT key while simultaneously pressing

a function key.

ctrl-4a

F1 Undo

left-arrow

right-arrow

These non-event keys are documented below.

Exit the program by simultaneously pressing the control
key (Ctrl) and the letter 'Qd:'.

Undo 1s used to correct errors on the event you are
currently editing. It has two levels. First, if you are
typing information on a specific data element and you
make a mistake and want to go back to the previous,
original information you can press Fl. If instead you
are not adding information but have discovered that you
have pressed the wrong event button by mistake, you can
press Fl1 to cancel the event you are currently editing.
Similarly you can go back into the data record using the
arrow keys (below) and delete a previously entered event.
In either case, the computer will prompt you to make sure
you want to cancel this event.

The left-arrow key is used to go back to make corrections
on previous events which were recorded incorrectly. Each
time you press "left-arrow", you will step one event back
through the data file. You will be limited to editing
only the most recent data. Undo can be used to delete a
previous event. ESC is used to save a corrected event or
to return to the most recently event that has not yet
been entered. Similarly, the left or right arrow keys
will save the corrected event, but these will move you
within the buffer and will not return you to the end of
the buffer.

When you back-up to a sighting or a sighting position
update, the bearing (rel. true north) and distance to
that sighting are displayed. This is not continuously
updated (as is the "last sighting position" window), but
rather represents the bearing and distance at the time it
appeared. If you want to update this, press right-arrow
followed by left-arrow.

The right-arrow will move you around in the event buffer,

but cannot be used to by-pass events for which no
information has been added. This is to prevent you from
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up-arrow

down—-arrow

shift
F2 SightPos

shift
F3 Map

shift
F5 sSighting#

accidentally skipping an event.

The up-arrow is used to move from one data element in the
currently displayed event to the element above it.

The down-arrow is used to move from one data element in
the currently displayed event to the element below it.

To update school position, press Shift-F2 and enter the
sighting number and the current course, angle, and
distance. There 1is a window on the screen which
indicates the approximate position of the initial
sighting cue and the angle and heading to that position.
This is based on the position and course at the time of
the cue, and the angle and distance entered by the
recorder. This information is presented in the hope that
it will help find lost schools and to document school
movement. Schools do move, and you should update the
school's position frequently, at least 2-3 times for
distant sightings. As with sightings, if you enter
reticle distance, the computer will convert this to
nautical miles.

A map of the entire study area or the immediate region
(+/- 12 NMI) can be displayed using shift-F3. For the
entire area, all on-effort tracklines will also be shown.
For the immediate area, all tracklines will be shown.
Sighting positions will also be displayed in the latter
mode. NOTE: this feature can only be called when there
are no events waiting in the buffer. It will be canceled
by pressing any key.

A new sighting number can be specified using F5. This is
only used if sequential numbering of schools get off
track.

SPECIFIC INSTRUCTIONS FOR DATA ELEMENTS

F2 sighting

Sight#

Observer xx

1st Cue

Xxxx 4-digit sequential sighting number.

2-digit code assigned to observer who saw the initial
cue. See Code Table 15.

l1-digit code: 1=bird, 2=splash, 3=mammals, 4=ships,
5=other or unknown, 6=blow, 7=helo.
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siteCode

Bearing
Reticle
Distance
Temp

PhotoY/N

BirdsY/N

SpplCode
Spp2Code
Spp3Code

F3 Begin

Cruise #

F4 Turtle

Observer

Species
Bearing
Distance
#Turtles

AssocJdFR

F5 Effort

F6 ObsvPos

Left

Recorder

Right

XX.X

y/n
y/n
XX

XX
XX

XXXX

XX

XX

XXX

XX
XX

XX

1-digit code:
or ?, 7=helo,

3=crew, 4=o0bs 25x%,
8=ind.observer.

5=0bs not 25x, 6=other

3-digit angle to cue.

Reticle distance to cue in tenths.
Nautical miles to cue, in tenths.
Temperature in degrees centigrade to tenths.

Were photographs taken of the animals and documented on
the sighting continuation sheet? Answer "y" or "n".
sighting?

Were birds present with Answer "y" or fn%,

Z—digit code for 1lst mm spp. present.
2-digit code for 2nd mm spp. present.
2~digit code for 3rd mm spp. present.
4~-digit cruise number.

2~-digit code assigned to observer who saw the initial
cue. See Code Table 15.

2-digit code for species of turtle.
3~digit initial angle to turtle sighting.
Initial nautical miles to turtle in tenths.

Number of turtles present in the given sighting.

Up to 3 1-digit codes for associated objects:
J=jellyfish, F=floating object, R=redtide

Turn effort on or off.

2~digit code assigned to left 25x observer. See Code

Table 15.

2-digit code assigned to data recorder. See Code Table
15.
2-digit code assigned to right 25x observer. See Code

Table 15.
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Ind.Obs.

F7 SeaState
Beaufort
Swell Ht
SwellDir
W. Temp

F8 Navigation
course
Speed

F9 Weather

Rain/Fog

Horz Sun
Vert Sun
wWind Dir

Visbilty

10 Comment

XX

XX

XXX

XXX

XXX

X¥.X

XX

XX

XXX

XX

2-digit code assigned to independent observer (if any).
See Code Table 15.

1-digit code for Beaufort sea state. See Code Table 5.
Swell height in feet.
Swell direction relative to North.

Water temperature in degrees centigrade.

Ship heading relative to true north.

Ship's speed in knots and tenths.

1-digit code, 1l=no rain or fog, 2=fog, 3=rain, 4=rain and
fog, 5=haze but not fog or rain.

2-digit code for horizontal sun position.
2-digit code for vertical sun position.
Wind direction relative to true North.

Distance in nautical miles of visibility.

Enter written comment up to 142 characters long.
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DATA FILES CREATED

The program creates or uses a number of data files; these are described

below.

DAShhmm.mdd

BAKhhmm.mdd

POSITION.DAT

COAST.DAT

SIGHTNUM.DAT

This is the day's main data file created on the computer's
battery-backed RAM-Disk drive D. The name includes a time and
day stamp so as to avoid overwriting this file when you
restart the computer. In the name, hhmm refers to the hour
and minute the program was started and mdd refers to the month
and day (months 10, 11 and 12 are coded A, B, and C,
respectively). Data include any edited changes made to the
original data during the data gathering. See below for data
format.

This is the day's backup data file created on the computer's
internal battery-backed RAM-Disk drive D. The name includes
the same time and date stamp as the above DAS file. It also
includes all the same information in the same format as the
DAS file. In the backup, however, edited changes have not
been made to the original line of data. 1Instead, a new data
line has been created with the same sequence number as the
original data line but with the edited data in place of the
original data. Using this file, it is posible to find out
what was originally entered before any changes have been made
or it is possible to reconstruct the DAS file.

This file contains information of the ship's position recorded
at the beginning and end of each segment of effort. This file
is used in MAP function #1 to plot cruise tracks. New
information is appended to the end of this file.

This file contains the California coastline data. The file is
used to plot the coast in MAP functions.

This file contains the last sighting number of the previous
day. .
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DESCRIPTION OF DATA OUTPUT FORMAT FOR FILES DAS* AND BAK¥*

COLUMNS
1-3 3-digit sequence number for the given event. Sequence starts anew
each day.
4 1-digit code to indicate the type of event.
S marine mammal sighting
B begin effort for the day
t turtle sighting
R resume effort
E end effort
v sea state viewing conditions
N navigation information
W weather information
cC comment
P observer positions
A auxiliary sighting information
s sighting position update
* automatic position record (every 10 minutes)
1,2,3,4,5,0r 6 school size and species proportions
5 period . to indicate on-effort event, otherwise blank
6-11 time (HHMMSS)
12 blank
13-18 date (MMDDYY)
19 blank
20-39 position, latitude and longitude
40 blank
41-44 data field 1
45 blank
46-49 data field 2
50 blank
51-54 data field 3 contents of data fields 1-7
55 blank depends on type of event (see
56-59 data field 4 column 4)
60 blank
61-64 data field 5
65 blank
66—-69 data field .6
70 blank -
71-74 data field 7
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Southwest Fisheries Science Center are listed below:
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Starr Jordan.
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(August, 1991)

165 Status of Pacific oceanic fishery resources of interest to the USA
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(September, 1991) '

166 Methods used to identify pelagic juvenile rockfish (Genus
Sebastes) occurring along the coast of central California.
EDITED BY T.E. LAIDIG and P.B. ADAMS
(November, 1991)

167 Spatial and temporal variability in growth of widow rockfish
(Sebastes entomnelas)
D.E. PEARSON and J.E. HIGHTOWER
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age from the hard structures of animals.
T.E. LAIDIG and D.E. PEARSON
(June, 1992)
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